The block to apoptosis in bovine two-cell embryos involves inhibition of caspase-9 activation and caspase-mediated DNA damage.
The capacity of the preimplantation embryo to undergo apoptosis in response to external stimuli is developmentally regulated. Acquisition of apoptosis does not occur in the cow embryo until between the 8- and 16-cell stages. The purpose of the present experiments was to determine the mechanism by which apoptosis is blocked in the bovine two-cell embryo. Heat shock (41 degrees C for 15 h) did not increase activity of caspase-9 or group II caspases (caspase-2, -3, and -7) in two-cell embryos but did in day 5 embryos. Exposure of embryos to carbonyl cyanide 3-chlorophenylhydrazone (CCCP) to depolarize mitochondria resulted in activation of caspase-9 and group II caspases at both stages of development. For day 5 embryos, CCCP also increased the proportion of blastomeres that underwent DNA fragmentation as determined by the TUNEL assay. In contrast, CCCP did not increase TUNEL labeling when applied at the two-cell stage. In conclusion, failure of heat shock to increase caspase-9 and group II caspase activity in the two-cell embryo indicates that the signaling pathway leading to mitochondrial depolarization and caspase activation is inhibited at this stage of development. The fact that CCCP treatment of two-cell embryos induced caspase-9 and group II-caspase activity indicates that caspase activation is possible following mitochondrial depolarization. However, since CCCP did not increase TUNEL labeling of two-cell embryos, actions of group II-caspases to activate DNases is inhibited.